Conclusion-The degree and duration of the ocular hypotensive response to cyclo photocoagulation appears to be related to the available power output of the system used, and the extent of tissue damage. (Br_7 Ophthalmol 1995; 79: 569-574) Moorfields Eye Hospital, London
Cyclodestructive procedures have been established as a form of treatment for intractable glaucoma, arising from conditions such as iris neovascularisation. In recent years, non-contact laser transscleral cyclo photocoagulation has become a viable treatment alternative to cyclo cryocoagulation. 1 2 It is a requirement of the laser modality employed, that the wavelength of the treatment beam is in the near infrared region of the spectrum. In this waveband there is good transmission through the sclera, but significant absorption within the melanin of the ciliary body.3 Non-contact cyclo photocoagulation using a Nd:YAG laser in the free running mode is widely used,45 although contact treatment with a continuous wave Nd:YAG laser has been introduced more recently.6 7 The non-contact semiconductor diode laser, which emits at 810 nm is of promising efficacy in such ocular conditions as diabetic retinopathy8 9 and choroidal neovascularisation in age-related macular degeneration. 10 Histological studies'l-14 in rabbit eyes and human cadaver eyes have shown similar destructive lesions in the ciliary body after Nd:YAG and diode laser transscleral cyclo photocoagulation. A pilot study by Hennis'5 and a 1 year follow up'6 of the same patients reported that non-contact diode laser cyclo photocoagulation had a significant ocular hypotensive effect.
The aim of the present prospective study was to compare the effects of non-contact diode and Nd:YAG laser cyclo photocoagulation on intraocular pressure (IOP), and also to evaluate the incidence of severe non-therapeutic side effects.
Patients and methods

PATIENTS
The main inclusion criterion was glaucoma which had not Treatment variables were therefore scheduled on the basis of maximum output powers available (4 J with the Nd:YAG and 1 2 W with the diode laser) and of previous pilot studies. 4 15 All patients in the diode laser group, including the retreatment subgroup, were treated with a mean number of 98 exposures over a 360 degree pattern, aimed 1-5 mm posterior to the limbus, and focused on the sclera. Defocusing posteriorly with the slit-lamp delivery system seemed to be unnecessary because of the histopathological observation which had shown that the near infrared diode laser beam was transmitted through the sclera and got absorbed by the melanin pigment of the ciliary body.'2 The exposures were thus targeted over the pars plicata region of the ciliary body. The diode laser was always operated with its maximum power of 1 2 W, exposure time of 990 milliseconds (that is, an energy per pulse of approximately 1 2 J), and a spot size of 100 ,um. The number of exposures with the diode laser was about fourfold that of the Nd:YAG laser to offset the overall difference in available energy between the two lasers. Patients in the Nd:YAG laser group were treated with a mean number of 22 exposures in a 180 degree pattern, 1-5 mm posterior to the limbus with the maximum defocus (switch position 9). The Nd:YAG laser was operated in the free running mode with a mean energy of 4 joules and 20 milliseconds of exposure time. This represented the standard treatment parameters used at this hospital. All patients were treated as day-case procedures.
Post treatment assessment included follow up at 1 hour, 1 Table 2 .
The IOP fall between pretreatment and each follow up measurement (pretreatment minus post-treatment IOP) was calculated within both treatment groups. In the Nd:YAG (180 degrees) treated group, there was a statistically significant IOP fall between pretreatment and 1 day after treatment (paired t test: p<0-001) and this IOP reduction still reached significance at 1 week (p=0-004). The hypotensive effect was still present at 1 and 3 months, although it did not attain statistical significance in this group (1 month p=0-08, 3 months p=0-82) (Fig 1) .
In the diode (360 degrees) treated group there was a significant IOP reduction between pretreatment level and 1 day through to 1 month follow up (paired t test: 1 day p<0-001, 1 week p=0-022, 1 month p=0032). The hypotensive effect was not statistically significant (p=0397) in this group at 3 months (Fig 2) .
Comparison of IOP change using unpaired t testing showed no significant (p<0 05) difference in the magnitude of IOP fall at any follow up visit, between 360 degree diode and 180 degree Nd:YAG treatment (Fig 3) .
An initial rise in IOP 1 hour after operation occurred in six patients in the diode laser group and in eight patients in the Nd:YAG laser group. The mean rise was 6 (range 1-10) mm Hg in the diode, and 5 (range 1-18) mm Hg in the Nd:YAG laser group.
Five eyes in the diode laser group and seven eyes in the Nd:YAG laser group were retreated after 1 month. The albeit small retreatment groups (diode 360 degrees, n=5, and Nd:YAG 360 degrees, n=7) were examined using the same analysis. There was no significant IOP fall within the diode retreatment group at any point until the 3 month follow up when the IOP reduction reached significance (paired t test: p=0006) (Fig 4) .
The Nd:YAG 360 degrees retreatment group showed significant IOP reduction at 1 week (p=0-016; n=5), 1 month (p=0 004; n=5), and at 3 months (p=0007; n=4), but note the very small sample size (Table 3 , Fig 5) .
Comparison (Fig 6) .
Severe postoperative ocular complications only occurred in the Nd:YAG laser groups. Subconjunctival haemorrhages or other minor problems related to the peribulbar or retrobulbar injection are not mentioned here. By the first day after treatment, three patients had developed a hypopyon, one patient had a hyphaema, and another patient showed a subconjunctival haemorrhage that occurred immediately after a Nd:YAG laser exposure. All these complications resolved within 2 weeks. In contrast, the eyes treated with the diode laser only showed a very mild anterior segment inflammatory response. Conjunctival bums with the diode laser only occurred in one black patient with a heavily pigmented conjunctiva (Fig 7) .
Evaluation of visual acuity measurements before and after treatment was inconclusive owing to the very poor visual function in the majority of treated eyes at entry level, reflecting the advanced stages of the underlying disease processes. However, there was no significant change in vision and no significant difference in the course of visual acuity as a result of the laser modality employed.
Discussion
In the present study there was no significant difference between the ocular hypotensive effect after one treatment session using 360 degree diode or 180 degree Nd:YAG cyclo photocoagulation. There was a gradual diminution of the ocular hypotensive effect of both the diode and the Nd:YAG cyclo photocoagulation over a 3 month period which was more marked at 3 months in the diode laser group. In the small subgroups of retreatments there was a significantly greater hypotensive effect in 360 degree Nd:YAG treated eyes, although there was also a significant hypotensive effect at 3 months in the 360 degree diode retreated eyes.
The overall rate of retreatments in this study was rather low because preoperative visual function in the majority of eyes was already very poor and the primary aim of cyclo The essential aim of cyclo photocoagulation is to induce damage or destruction of the secretory ciliary epithelium, in order to reduce aqueous production and thus lower the intraocular pressure.4-7 The biophysical processes by which this is achieved may provide an explanation for the differential effect on intraocular pressure observed between the two laser modalities. The essential components implicit in tissue photocoagulation consist of transmission and scatter of the radiation through the ocular media, its absorption within a chromophore, the conversion of incident radiation to heat, and finally the induced tissue reaction.3 For both diode (810 nm) and Nd:YAG (1064 nm) irradiation, scleral transmission is high with scleral compression. The principal absorbing chromophore in the ciliary body is melanin within the pigmented ciliary epithelium, adjacent to the non-pigmented secretory epithelium.7 Although absorption within melanin is higher at 810 nm than at 1064 nm, clearly the extent of the tissue reaction will also be related to the radiant energy. The Nd:YAG laser used in the study had a higher maximum energy than the diode laser. The pulse duration of exposures (20 milliseconds) also tended to confer a more explosive and less purely thermal effect on the ciliary body than the diode laser, which would also tend to result in more extensive tissue destruction. If the extent of ciliary body destruction can be related to the effect on intraocular pressure, then free running Nd:YAG laser irradiation will tend to have a more marked ocular hypotensive effect than the diode laser system employed, with its maximum output of 1 2 joules. However, contact diode laser systems are now available with maximum power outputs of up to 3 W. Pilot studies using this system have demonstrated significant and sustained reductions in intraocular pressure using energies of the order of 3 joules.17 18 In the present study a much less marked inflammatory response was seen following diode laser treatment compared with Nd:YAG therapy. This may be explained by the relatively explosive effect on the ciliary body of the short pulse duration of the Nd:YAG laser exposures in the free running mode (20 ms). 19 This is less likely to occur following irradiation with the continuous wave diode laser, which induces a more thermal tissue effect. The conjunctival bums which are commonly induced by the free running Nd:YAG laser may also exacerbate the inflammatory response.4 In the diode laser group conjunctival bums, similar to those shown by Hennis in his pilot study,15 only occurred in one black patient with a heavily pigmented conjunctiva (Fig 7) .
In conclusion, the degree and duration of the ocular hypotensive response to cyclo photocoagulation appears to be related to the available power output of the system used, and the extent of tissue damage. The delivery of greater total energies also seems to increase the amount of inflammatory response.
